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3UHVVXUH$QDO\VLVIRU/$9$DQG29(1


'RQQD4&HQGDQD
7KH&LW\&ROOHJHRI1HZ<RUN&LW\8QLYHUVLW\RI1HZ<RUN1HZ<RUN1<


7KH /XQDU $GYDQFHG 9RODWLOHV $QDO\VLV /$9$ DQG WKH 2[\JHQ 	 9RODWLOHV ([WUDFWLRQ
1RGH 29(1DUH VXEV\VWHPV LQFOXGHG LQ WKH5HJROLWK	(QYLURQPHQW6FLHQFH DQG2[\JHQ	
/XQDU 9RODWLOHV ([WUDFWLRQ 5(62/9( SD\ORDG ERXQG IRU WKH0RRQ LQ  7KLV 5HVRXUFH
3URVSHFWRU0LVVLRQ530KDVWKHREMHFWLYHRIODQGLQJRQDVKDGRZHGUHJLRQRIWKH0RRQ¶V6RXWK
3ROH WR FROOHFW GDWD DQG GHWHUPLQH ZKHWKHU WKH UHVRXUFHV FRXOG EH HIIHFWLYHO\ XVHG IRU VSDFH
H[SORUDWLRQV\VWHPV7KHTXDQWLILFDWLRQRIWKHUHVRXUFHVZLOOKHOSXQGHUVWDQGLILWFDQDGHTXDWHO\
PLQLPL]H PDWHULDOV FDUULHG IURP (DUWK E\ SURYLGLQJ OLIH VXSSRUW SURSHOODQWV FRQVWUXFWLRQ
PDWHULDOVDQGVXSSO\HQHUJ\WRWKHSD\ORDGRUFUHZ7KLVSDSHURXWOLQHVWKHSURFHGXUHVGRQHIRU
WKHSUHVVXUHDQDO\VLV RI WKH/$9$29(1 /29(1 ,QWHJUDWLRQ7HVWLQJ7KHSUHVVXUHDQDO\VLV
TXDQWLILHV KRZPXFK JDVHV DQGZDWHU DUH SUHVHQW LQ WKH VDPSOH WHVWHG GXULQJ WKH(QJLQHHULQJ
7HVWLQJ8QLW(78SKDVHRILQVWUXPHQWGHYHORSPHQW8OWLPDWHO\WKHSXUSRVHRIWKHVHWHVWVLVWR
LPSURYHWKHHVWLPDWHRIWKHDPRXQWRIZDWHULQHDFK/XQDUVDPSOHDQGUHGXFHWKHWLPHQHFHVVDU\
IRU WKLV HVWLPDWH7KH JRYHUQLQJSULQFLSOH WKDWZDVXVHG IRU WKH DQDO\VLV LV WKH ,GHDO*DV/DZ
39 Q57ZKHUH 3 VWDQGV IRU SUHVVXUH9 IRU YROXPH Q IRU QXPEHU RIPROHV5 EHLQJ WKH JDV
FRQVWDQW DQG 7 IRU WHPSHUDWXUH :H DOVR HVWLPDWH WKH HUURUV LQYROYHG LQ WKHVHPHDVXUHG DQG
GHULYHG TXDQWLWLHV VLQFH D NH\ REMHFWLYH RI WKH PLVVLRQ LV WR HVWLPDWH WKH TXDQWLW\ RI YRODWLOHV
SUHVHQWLQWKHOXQDUVDPSOHVLQWURGXFHGLQWR29(1

1RPHQFODWXUH
&     'HJUHH&HOVLXV
DWP     DWPRVSKHUHVSUHVVXUH6,XQLW
FP     FXELFFHQWLPHWHUYROXPH6,XQLW
(78     (QJLQHHULQJ7HVW8QLW
)66     )OXLG6XEV\VWHP
)393    06,'/DEHOIRU3UHVVXUH7UDQVGXFHU) )OXLG6\VWHP,QVWUXPHQW3 3UHVVXUH6HQVRU(QG
,WHP&ODVV9 7HOHPHWU\,QVWUXPHQWDWLRQRU&RPPDQG3RLQW (QG,WHP6HULDO1XPEHU
3 3UHVVXUH(QJLQHHULQJ8QLWW\SH
)797   06,' /DEHO IRU 5HVLVWLYH 7HPSHUDWXUH 'HWHFWRU  ) )OXLG 6\VWHP ,QVWUXPHQW
7 7HPSHUDWXUH6HQVRU(QG ,WHP&ODVV9 7HOHPHWU\ ,QVWUXPHQWDWLRQRU&RPPDQG3RLQW
 (QG,WHP6HULDO1XPEHU7 7HPSHUDWXUH(QJLQHHULQJ8QLWW\SH
J     JUDPVPDVVXQLW
*&     *DV&KURPDWRJUDSK
*&06     *DV&KURPDWRJUDSK0DVV6SHFWURPHWHU
+75±    +HDWHU±QXPHULFDOORFDWLRQVLJQLILHU
,62/$7±   ,VRODWLRQ9DOYH±QXPHULFDOORFDWLRQVLJQLILHU
,658     ,Q6LWX5HVRXUFH8WLOL]DWLRQ
.     .HOYLQVWHPSHUDWXUH6,XQLW
/$9$     /XQDU$GYDQFHG9RODWLOHV$QDO\VLV
PRO     PROHVQXPEHURIPROHVXQLW
06     0DVV6SHFWURPHWHU
Q     QXPEHURIPROHV
1$6$     1DWLRQDO$HURQDXWLFVDQG6SDFH$GPLQLVWUDWLRQ
1,5966    1HDU,QIUDUHG9RODWLOH6SHFWURPHWHU6XEV\WHP
1,567    1HDU,QIUDUHG6SHFWURPHWHUIRUWKH6XUJH7DQN
                                                          
,QWHUQ(QJLQHHULQJDQG7HFKQRORJ\'LUHFWRUDWH0DWHULDOV6FLHQFH'LYLVLRQ$SSOLHG3K\VLFV/DE1$6$
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
166     1HXWURQ6SHFWURPHWHU6XEV\VWHP
2%5     2Q%RDUG5HFRUGLQJ
29(1     2[\JHQ	9RODWLOHV([WUDFWLRQ1RGH
3     3UHVVXUH
36±     3RZHU6XSSO\±QXPHULFDOORFDWLRQVLJQLILHU
37±     3UHVVXUH7UDQVGXFHU±QXPHULFDOORFDWLRQVLJQLILHU
5     *DV&RQVWDQW
5(62/9(    5HJROLWK	(QYLURQPHQW6FLHQFHDQG2[\JHQ	/XQDU9RODWLOHV([WUDFWLRQ
530     5HVRXUFH3URVSHFWRU0LVVLRQ
57'RU57'V   5HVLVWLYH7HPSHUDWXUH'HWHFWRURU'HWHFWRUV
6$76     6DPSOH$FTXLVLWLRQDQG7UDQVIHU6\VWHP
67     6XUJH7DQN
7     7HPSHUDWXUH
7(&     7KHUPDO(OHFWULF&RROHU
76(     7HVW6XSSRUW(TXLSPHQW
9     9ROXPH
9/$7±    /DWFKLQJ9DOYH±QXPHULFDOORFDWLRQVLJQLILHU
:''     :DWHU'URSOHW'HPRQVWUDWLRQ
:2$     :RUN2UGHU$XWKRUL]DWLRQ
[*'6     *URXQG'DWD6\VWHP'DWDDUFKLYHUHWULHYDOH[SORUDWLRQ

, ,QWURGXFWLRQ
RUDYHU\ORQJWLPHVFLHQWLVWVDUJXHGZKHWKHUZDWHULFHH[LVWVRQWKHOXQDUVXUIDFH7KHQLWZDVGLVFRYHUHGWKDW
WKHUHDUHSRWHQWLDOO\VXEVWDQWLDOK\GURJHQULFKUHVRXUFHVRQWKH0RRQ+RZHYHUWKHDPRXQWRIWKHZDWHURQWKH
VXUIDFHLWVGLVWULEXWLRQDQGLWVYLDELOLW\DVDUHVRXUFHIRUKXPDQH[SORUDWLRQV\VWHPVDUHVWLOOLQTXHVWLRQ7RDQVZHU
WKHVH TXHVWLRQV 1$6$ LV GHYHORSLQJ D SD\ORDG WHUPHG 5(62/9( 7KH5(62/9( V\VWHP FRQVLVWV RI D URYHU
PRXQWHG SD\ORDG VKRZQ LQ )LJ  ZKLFK FRPSULVHV YDULRXV SURVSHFWLQJ LQVWUXPHQWV 1HXWURQ 6SHFWURPHWHU
6\VWHP166ORFDWHVDUHDVRIKLJKK\GURJHQFRQFHQWUDWLRQWRHQVXUHWKDWDQDSSURSULDWHVDPSOHRIWKHUHJROLWKLV
EHLQJ FROOHFWHG 1HDU,QIUDUHG9RODWLOH 6SHFWURPHWHU 6XEV\WHP 1,5966 DVVLVWV SURVSHFWLQJ E\ LGHQWLI\LQJ DQ\
VXUIDFHYRODWLOHVDQGSURYLGLQJPLQHUDORJLFDOFRQWH[W6DPSOH$FTXLVLWLRQDQG7UDQVIHU6\VWHP6$76DFTXLUHVD
RQHPHWHUGHHSVDPSOHRI UHJROLWKE\GULOOLQJ2[\JHQ	9RODWLOHV([WUDFWLRQ1RGH 29(1ZKLFKFRQVLVWVRID
UHDFWRU VXEV\VWHP WKDW ZLOO JUDGXDOO\ KHDW VDPSOHV FROOHFWHG E\ WKH 6$76 WR & DQG WKH /XQDU $GYDQFHG
9RODWLOHV$QDO\VLV/$9$ZKLFKLGHQWLILHVDQGTXDQWLILHVJDVHVHYROYHGIURPVDPSOHVKHDWHGLQWKH29(17KH
5(62/9(*URXQG'HPRQVWUDWLRQ8QLWZDVDVVHPEOHGDQGLQWHJUDWHGRQDURYHUSODWIRUPIRUDILHOGGHPRQVWUDWLRQ
DQGWHVWLQJVKRZQLQ)LJ7KHWHVWLQJZDVGRQHDWDOXQDUDQDORJVLWHRQWKHVORSHVRI0DXQD.HDLQ+DZDLLLQWKH
VXPPHURIDQGZLOOGRDQRWKHU5HVRXUFH3URVSHFWRU,QWHJUDWHG7HVWLQJIRUWKHILVFDO\HDURI%\
WKH 5(62/9( GHVLJQ WHDPZLOO EHJLQ KDUGZDUH IOLJKW FHUWLILFDWLRQ WHVWV $ ODXQFK RI WKH 5(62/9( V\VWHP LV
SODQQHGIRUD0D\-XQHWLPHIUDPHLQRUGHSHQGLQJRQWKHFDSDELOLW\IRUGHOLYHU\RIDOXQDUSD\ORDG
 ,Q WKH /$9$ VXEV\VWHP YRODWLOHV HYROYHG LQ WKH 29(1 WUDYHO WKURXJK WKH )OXLG 6XEV\VWHP )66 WR
VHYHUDO LQVWUXPHQWV 7KH VDPSOHPD\ EH VWRUHG LQ WKH VXUJH WDQNZKHUH LW FDQ EH DQDO\]HG E\ WKH 1HDU,QIUDUHG
6SHFWURPHWHUIRUWKH6XUJH7DQN1,567RUJRGLUHFWO\WRWKH6DPSOH'HOLYHU\6\VWHP6'6WREHDQDO\]HGE\WKH
*DV&KURPDWRJUDSK0DVV6SHFWURPHWHU *&06 ,I WKHUH LVHQRXJKZDWHU WKH VDPSOHPD\EH WUDQVIHUUHG WR WKH
:DWHU'URSOHW'HPRQVWUDWLRQ:''D³FROGILQJHU´ZKHUHWKHYDSRUZRXOGFRQGHQVHDQGIRUPDGURSOHWRIZDWHU
WRJLYHDYLVXDOHYLGHQFHRIWKHVDPSOHFROOHFWHG7KHPRVWLPSRUWDQWJRDORI/$9$LVWRGHWHUPLQHWKHSHUFHQWDJH
RIZDWHUE\ZHLJKW LQ WKH OXQDU VDPSOH6HFRQGDU\REMHFWLYHV LQFOXGH LGHQWLI\LQJRWKHUYRODWLOHFRPSRQHQWV7KLV
GRFXPHQW DGGUHVVHV WHVWV WR TXDQWLI\ WKH DELOLW\ WR HVWLPDWH WKH DPRXQW RI HYROYHG JDVHV LQ WKH29(1XVLQJ WKH
SHUIHFWJDVODZDQGRQERDUGWHPSHUDWXUHDQGSUHVVXUHPHDVXUHPHQWV7KLVWRWDOZRXOGEHFRPELQHGZLWK1,567RU
*&PHDVXUHPHQWVWRHVWLPDWHWKHWRWDOZDWHUFRQWHQW



                                                          
(36&$EVWUDFWV9RO(36&'36359,(:
1$6$¶V.HQQHG\6SDFH&HQWHUYROXPHQXPEHUVSULQJVXPPHU
)
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
7KH /$9$ VXEV\WHP LV QRZ LQWHJUDWHG ZLWK WKH 29(1 UHDFWRU DQG LV UHIHUUHG WR DV µ/29(1¶ LQ WKH WH[W WKDW
IROORZV7HVWLQJZDVGRQHLQDWKHUPDOYDFXXPFKDPEHUVLPXODWLQJWKHOXQDUHQYLURQPHQW7KHDQDO\VLVRIWKHGDWD
FROOHFWHGIURPWKHWHVWLVWKHPDLQFRQWHQWRIWKLVSDSHU7KHJRDOLVWRGHPRQVWUDWHWKHUHOLDELOLW\RIWKHLQVWUXPHQWV
DQGFHUWLI\ WKDW WKH\PHHW WKHPLVVLRQREMHFWLYHV7KHFRPSOLFDWHGGHVLJQRI WKH/$9$VXEV\WHPFKDOOHQJHG WKH
WHDPWRILQGDQRPDOLHVIL[WKHSUREOHPVDQGLPSURYHWKHGHVLJQRIWKHV\VWHPWRPDNHLWUHDG\IRUIOLJKW

,, %DFNJURXQGIRUWKH/$9$29(17HVWLQJ
)LUVWWKH5HVRXUFH3URVSHFWRULVJRLQJWRODQGDWWKH/XQDU6RXWK3ROH$URYHUPRXQWHGLQVWUXPHQWVXLWHZLOOEH
WUDQVSRUWHG DURXQG WKLV SHUPDQHQWO\ YHU\ VKDGRZHG UHJLRQ RI WKH PRRQ ZKHUH WKH ZDWHU LFH LV H[SHFWHG WR EH
SUHVHQW2QFHDVXUIDFHFRQFHQWUDWLRQRIZDWHULVIRXQGWKHGULOOLQJDQGVDPSOHH[WUDFWLRQZRXOGEHSHUIRUPHG7KH
6$76 ZRXOG GULOO D PHWHU GHHS LQ  FHQWLPHWHUV LQFUHPHQWV XQWLO D VDPSOH UHJROLWK ZLWK DEXQGDQW VRXUFH LV
GHWHFWHG7KHGULOOZLOOGHSRVLWWKLVUHJROLWKVDPSOHLQWKH29(1DQGZLOOKHDWWKHVDPSOHGULYLQJRIIYRODWLOHV2QH
RIWKHNH\PLVVLRQREMHFWLYHVLVWRHVWLPDWHWKHSHUFHQWDJHRIZDWHUE\PDVVLQHDFKVDPSOH7KLVLVDFFRPSOLVKHGE\
ILUVWZHLJKLQJ WKH VDPSOH WKHQE\DQDO\]LQJ WKH WRWDODPRXQWRIZDWHUYRODWL]HG6LQFH WKHUHDUHH[SHFWHG WREHD
ZLGHYDULHW\RIYRODWLOHFRPSRXQGVWZRFDQGLGDWHLQVWUXPHQWVD*DV&KURPDWRJUDSK0DVV6SHFWURPHWHUDQGDQHDU
LQIUDUHG VSHFWURPHWHU DUH XVHG WR PHDVXUH WKH SHUFHQWDJH RI ZDWHU LQ WKH YRODWL]HG VDPSOHV 7KH WRWDO PDVV RI
YRODWLOH JDVHV LV HVWLPDWHGXVLQJ WKHSHUIHFW JDV ODZDSSOLHG WR HDFKEDWFKJDV WUDQVIHU XQWLO WKH VDPSOH 29(1
SUHVVXUHGURSVWRVRPHSUHGHWHUPLQHGOHYHODQGQRPRUHYDSRULVEHLQJSURGXFHG7KHPDVVRIYDSRUUHPDLQLQJLQ
WKHRYHQLVWKHQHVWLPDWHG7RSHUIRUPWKHVHHVWLPDWHVWKHWHDPGHYHORSHGµSUHVVXUHYROXPHWHVWLQJ¶ZKLFKLVWKH
VXEMHFWRIWKLVSDSHU
7KH SXUSRVH RI WKH SUHVVXUH YROXPH WHVWLQJ LV WR GHYHORS DQG YHULI\ WHFKQLTXHV IRU HVWLPDWLQJ WKH TXDQWLW\ RI
YRODWLOHVLQWKH29(1EDVHGRQPHDVXUHPHQWVRIWHPSHUDWXUHVDQGSUHVVXUHVGXULQJWUDQVIHUVIURPWKH29(1WRWKH
6XUJH7DQNDQGWRWHVWDQDGGLWLRQDOFRQFHSWZKHUHWKHIUHHYROXPHRI29(1LVHVWLPDWHGWKHJHRPHWULFYROXPHRI
HPSW\RYHQPLQXV WKHGLVSODFHGYROXPHRI WKHQRQYRODWLOH UHVLGXDOVRLO ,I VXFFHVVIXO WKHVHSURYLGHDPHDQV WR
JUHDWO\LPSURYHWKHDFFXUDF\RIWKHHVWLPDWHRIWKHPDVVRIYRODWLOHVLQHDFKVDPSOHDQGGHFUHDVHSURFHVVLQJWLPH
SHUVDPSOH
,QWKLV(78JURXQGWHVWLQJWKH29(1DQG/$9$DUHSUHSDUHGSULRUWRHDFKWHVWZLWKDNQRZQTXDQWLW\RIHLWKHU
ZDWHU RU ZHW UHJROLWK VLPXODQW LQ WKH 29(1 7KH /$9$29(1 /29(1 LV WKHQ VHDOHG ZLWKLQ WKH YDFXXP
FKDPEHUDQGSXPSHGGRZQWR7RUUQRPLQDO WRVLPXODWH OXQDURSHUDWLRQV7KH WHVWLQJGHVFULEHGKHUHLQ WDNHV
SODFH IURP WKLV SRLQW IRUZDUGZKHQ D VDPSOH LV DOUHDG\ LQ WKH29(1DQG UHDG\ IRU DQDO\VHV 7KH/$9$(78
6WDUWXSSURFHGXUHKDVEHHQFRPSOHWHGSULRUWRWKHEHJLQQLQJRIWKHVHWHVWV
7KH/29(1)XOO3URFHGXUHFDQQRZEHVWDUWHGE\UXQQLQJWKH9LUWXDO0DFKLQH/DQJXDJH90/DQDXWRPDWHG
VRIWZDUHVHTXHQFHLQWHJUDWHGWR/DE9LHZPDGHIRUWKHEDWFKWUDQVIHUWRLQLWLDWHWKH/29(16FLHQFH0DQDJHU)URP
KHUH90/GRHVDOO WKHFRPPDQGLQJIRU WKHYDOYHVXQOHVV SURPSWHGIRUDSDXVH LQ WKHVHTXHQFH WRDOORZPDQXDO
GDWDUHFRUGLQJ7KHVWHSVPDGHE\WKH90/VRIWZDUHFDQEHPRQLWRUHGRQWKH/$9$,QWHUIDFH6RIWZDUH'LVSOD\
DQG WKH6\VWHP0HVVDJHV WDEIRU WKH90/VWDWXVDQGXVHUSURPSWV90/ZLOOFORVHDOO ODWFKLQJYDOYHV9/$7V
XSRQDFWLYDWLQJWKHVRIWZDUH1H[WWKH/$9$V\VWHPLVHYDFXDWHGE\90/RSHQLQJ9/$7DQG9/$7IRU
PLQXWHVWKHQFORVHWKRVHYDOYHVDJDLQ7KLVHQVXUHVWKDWWKHLQLWLDOSUHVVXUHRIWKH67LV]HUR9/$7LVWKH
67/LQH%ZDWHUGURSOHWE\SDVVYDOYHDQG9/$7LVDQXQUHVWULFWHGYHQWODWFKLQJYDOYH7KHVHFDQEHVHHQLQ
WKHVFKHPDWLFGLDJUDPLQ)LJ

 
)LJXUH
5(62/9(5RYHUZLWK
PRXQWHGSD\ORDG
$FRPSXWHUDLGHGGHVLJQ
&$'PRGHORI
5(62/9( 
)LJXUH
5(62/9(5RYHUZLWK
PRXQWHGSD\ORDG
5(62/9(RQD)LHOG
'HPRQVWUDWLRQ8QLW
)'8LQ+DZDLLRQ

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


7KH ILUVW RSHUDWLRQ LV WR UHPRYH WKH DWPRVSKHULF JDVHV WKDW ZHUH WUDSSHG LQ WKH29(1 GXULQJ VDPSOH LQVHUWLRQ
FDOOHG LQHUW JDV WUDQVIHU 2QFH WKLV LV GRQH WKH VDPSOH ZLOO DSSHDU PRUH OLNH D UHDO OXQDU VDPSOH 7KLV LV
DFFRPSOLVKHGE\IORZLQJJDVHVIURPWKH29(1WRWKH677KH90/RSHQV9/$7WRWUDQVIHULQHUWJDVWRWKH
67IRUPLQXWHWKHQZLOOFORVHDQGGHOD\IRUVHFRQGVWRUHFRUGWKHSUHVVXUHVLQ37DQG37DVVKRZQLQ
)LJ 37 /$9$PDQLIROG K\GURJHQ VXSSO\ OLQH SUHVVXUH WUDQVGXFHU >SVLD@ LV WKH SUHVVXUH WUDQVGXFHU
XVHG WRPHDVXUH WKHSUHVVXUH LQ WKH29(11RWH WKDW37 LV ORFDWHGRQ WKH/$9$PDQLIROG VLQFH WKH29(1
EHFRPHVWRRKRWIRUWKH373767OLQH$SUHVVXUHWUDQVGXFHU>SVLD@PHDVXUHVWKHSUHVVXUHLQWKH67
7KH 67 FRQWHQWV ZHUH VDPSOHG WKUHH WLPHV WR HVWLPDWH WKH DPRXQW RI ZDWHU EHLQJ UHPRYHG WR HQVXUH WKDW LW LV
FRQVLVWHQWZLWKURRPDLUKXPLGLW\

)LJXUH
/$9$(78
&RQILJXUDWLRQ
6FKHPDWLFV
7KH6XUJH7DQN
HYDFXDWLRQIORZWR
YHQWLVKLJKOLJKWHG
ZLWKDUHGOLQHDQG
JUHHQYDOYHV
LQGLFDWLQJRSHQ
YDOYHVWKDWDOVR
DQLPDWHVRQWKH
/$9$LQWHUIDFH
GXULQJWHVWLQJDV
WKH\RSHQ 
)LJXUH/$9$
(78
&RQILJXUDWLRQ
6FKHPDWLFV37
ORFDWHGRQWKH
PDQLIROGPHDVXUHV
WKH29(1SUHVVXUH
DQG37
PHDVXUHVWKHVXUJH
WDQNSUHVVXUH7KH
UHGOLQHLQGLFDWHV
WKHIORZRILQHUWJDV
WUDQVIHUVWKDWSDVVHV
WKURXJK9/$7
YDOYHWRJHW
KHDGVSDFHVDPSOHV
IURPWKH29(1WR
WKHVXUJHWDQN
1$6$1,)6±,QWHUQVKLS)LQDO5HSRUW
 
.HQQHG\6SDFH&HQWHU 3DJH 


7KHQDIWHUUHFRUGLQJWKHSUHVVXUHVIRU37DQG3790/ZLOOHYDFXDWHWKHVXUJHWDQNE\RSHQLQJ9/$7
DQGDJDLQIRUPLQXWHVVWDUWLQJWKHLQHUWJDVWUDQVIHUSURFHVVDJDLQIRUWZRPRUHWLPHV7KLVSURFHVVZLOOEH
UHSHDWHG WZLFH DJDLQ JLYLQJ  KHDG VSDFH JDV WUDQVIHUV DV VKRZQ LQ )LJ  (DFK WUDQVIHU UHVXOWV LQ D SUHVVXUH
GHFUHDVHLQWKH29(1DVWKHWRWDODPRXQWRILQHUWJDVLVUHGXFHG



)LJXUH3UHVVXUHJUDSKIRU/29(17HVW7KLVJUDSKVKRXOGKDYHWKHVDPHWUHQGDV/29(17HVW(YHQ
WKRXJK D UHJROLWK VDPSOH LV SUHVHQW WKH\ KDYH WKH VDPH DPRXQW RI ZDWHU SUHVHQW LQ WKHP 7KLV JUDSK ZDV XVHG
EHFDXVHWKH[*'6GDWDFROOHFWHGDOVRFRYHUHGWKHLQHUWJDVWUDQVIHUVGRQHHDUOLHUEHIRUHWKH29(1KHDWXSVWDUWHG
DQGWKLVKHDGVSDFHVDPSOLQJZDVQ¶WGRQHRQWKHILUVW/29(1WHVW

$IWHU WKH LQHUW JDV WUDQVIHU SURFHVV ZKLFK WDNHV URXJKO\ DERXW  PLQXWHV WKH /$9$:DUPXS FDQ QRZ
FRPPHQFH,WURXJKO\WDNHVKRXUVIRUDOOWKHKHDWHUVWRUHDFKWKHVHWSRLQWRI°&ZKLFKLVWKHWHPSHUDWXUHWKDW
ZLOOGULYHRIIWKHJDVHVRIFRQFHUQ±ZDWHUYDSRUQLWURJHQHWF7KH90/FRPPDQGVWKHKHDWHUVRI29(1WR°&
VHWSRLQWZLWKWKHYHU\ERWWRPKHDWHUEHLQJVHWWR°&2QFHWKH29(1KDVUHDFKHGLWVVHWSRLQWV90/ZLOORSHQ
9/$7DIWHUPLQXWHVWLPHWRVWDELOL]HWKHSUHVVXUHDOORZLQJWUDQVIHURIVDPSOHIURPWKH29(1WRWKHVXUJH
WDQNIRUVHFRQGV37VDQGSUHVVXUHVZHUHUHFRUGHGMXVWEHIRUHWKHWUDQVIHUWDNHVSODFHDQGZHUHUHFRUGHGDOVR
DIWHUWKHWUDQVIHUWDNHVSODFHWKHSUHVVXUHUHFRUGHGKHUHLQGLFDWHVKRZPXFKVDPSOHLVSUHVHQWDW WKHVXUJHWDQN
)URPKHUHIROORZLQJWKHVDPHSURFHGXUHV90/KDVGRQHWKHXVHUVZLOOKDYHWRGRPDQXDOVDPSOHWUDQVIHUVVLQFH
90/)XOO/29(13URFHGXUHZDVFRPSOHWHGWKHVRIWZDUHZDVRQO\PDGHWRODVWXQWLOWKHILUVWWUDQVIHUZDVPDGH
7KHQXPEHURIWUDQVIHUZLOOEHGHFLGHGE\WKHXVHUVGHSHQGLQJLIWKH\VHHFRQVLVWHQWUHVXOWVIRUWKH*&06DQDO\VLV
$IWHUDOOWKHWUDQVIHUVZHUHPDGHDKHOLXPEODQNWHVWZLOOEHPDGHWRHYDFXDWHWKHOLQHVDQGWKHVXUJHWDQNRIDQ\
VDPSOH7KLVFDQEHVHHQDVDODUJHSUHVVXUHVSLNHQHDUWKHHQGRIWKHWHVW7KHVWHSVSHUIRUPHGFDQEHVHHQRQWKH
SUHVVXUHJUDSKEHORZRQ)LJVWDUWLQJIURPWKH29(1KHDWXSWLOOWKHKHOLXPEODQNWHVW

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
 
 
)LJXUH/29(17HVWSUHVVXUHSORW7KHPDMRUDFWLYLWLHVGRQHGXULQJWKHWHVWZHUHODEHOHGOLNHWKHVWDUWRI
29(1KHDWXSWUDQVIHUVDQGKHOLXPEODQNWHVW

,,, 3UHVVXUH$QDO\VLVIRU/29(17HVW

7KLVVHFWLRQZLOORXWOLQHWKHGDWDDQDO\VLVVWHSVSHUIRUPHGLQWKHSUHVVXUHDQDO\VLVH[FHOVSUHDGVKHHWDVDSSOLHGWR
DOO/29(1WHVWV:HZLOOXVH/29(1WHVWDVRXUH[DPSOH7KHUHZLOOEHVRPHGLIIHUHQWRUDGGLWLRQDOVWHSVRQWKH
WHVWVZLWKDUHJROLWKVDPSOHSUHVHQWLQWKHP7KHILUVW/29(17HVWFRQWDLQVJUDPVRIGHLRQL]HGZDWHUDVD
VDPSOHDQGZDVSHUIRUPHGE\FRQGXFWLQJWUDQVIHUVELJVWHSVLQWKHSUHVVXUHFKDUWDQG*&06DQDO\VHV LQ
HDFKWUDQVIHUVPDOOHUVWHSVZLWKLQWKHELJVWHSVLQWKHSUHVVXUHFKDUW7KHFKDUWDQGGDWDVKHHWFDQEHIRXQGRQWKH
/29(17HVWH[FHOVKHHWZKHUH WKHGDWDZDVREWDLQHGIURP[*'6:KHQHYHU WKHUH LVDGLS LQ WKHSUHVVXUH LW
PHDQVWKDWDODWFKLQJYDOYHLVEHLQJRSHQHGWRDOORZDFHUWDLQDPRXQWRIWUDQVIHUWRWDNHSODFHIRUWKHDQDO\VLV7KH
JRDOLVWRFDOFXODWHHYHU\WKLQJEDVHGRQPROHVVRWKDWWKH,GHDO*DV/DZFDQEHDSSOLHGDQGFRPSDUHWKHDQDO\VLV
ZLWKWKHZHLJKHGZDWHU7KHDQDO\VLVEHJLQVZLWKFRQYHUWLQJWKHZHLJKHGVDPSOHZDWHUIURPPDVVWRPROHVE\XVLQJ
WKHPROHFXODUZHLJKWRIZDWHU

$0ROHVLQ29(1IURPZHLJKHGVDPSOH
7KLVZDVVLPSO\REWDLQHGE\FRQYHUWLQJWKHPDVVRIZDWHUZHLJKHGLQ29(1IURPJUDPVWRPROHVE\XVLQJ
WKHPROHFXODUZHLJKWRIZDWHU
 0ROHFXODUZHLJKWRI:DWHU ௚௠௢௟
 0DVVRI:DWHULQ29(1J
WKHUHIRUH
 0ROHVLQ29(1 ଴Ǥ଴଺ସଽ௚ଵ଼Ǥ଴ଵହଷ ೒೘೚೗
 PRO
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
7KHQH[WVWHSLVWRFDOFXODWHWKHPROHVRI,QHUW*DVHVLQWKH29(1EHIRUHDQ\WUDQVIHUWDNHVSODFH7KLVZLOOEHXVHG
QHDU WKHHQGRI WKHDQDO\VLV WRPRUHDFFXUDWHO\GHWHUPLQH WKHDPRXQWRIZDWHU WUDQVIHUUHGIURPWKH29(1WR WKH
VXUJHWDQN

%0ROHVRI,QHUW*DVLQ29(1EHIRUH7UDQVIHUDW29(17HPSHUDWXUH
8VLQJWKH,GHDO*DV/DZ39 Q57DQGDOOLPSOLHGDVVXPSWLRQVPROHVSUHVHQWLQWKH29(1ZHUHFRPSXWHG
EHIRUHDQ\WUDQVIHUZDVGRQH
&RQVWDQWV
  *DV&RQVWDQW5 ௖௠య൉௔௧௠௄൉௠௢௟ 
 $VVXPSWLRQV
  9ROXPHLQ29(1929 FPFUXFLEOHHPSW\VSDFHYROXPH
7R REWDLQ WKH WHPSHUDWXUH RI 29(1 WKH DYHUDJH WHPSHUDWXUH UDQJH YDOXH IRU WKH )66 57'V 0D[)797
0D[)797FROXPQVDWWKHGDWDVKHHWDWWKHEHJLQQLQJRIWKHWHVWILUVWURZVZHUHXVHGVLQFHQRQHZDVKHDWHG
\HWWKH29(1DQG/$9$)66VKRXOGKDYHWKHVDPHDPELHQWWHPSHUDWXUH
  7HPSHUDWXUHRI29(1DWWKHEHJLQQLQJ729LQLWLDO§& .
7RREWDLQLQHUWJDVSUHVVXUHVXEWUDFWWKHSUHVVXUHLQ29(1EHIRUH29(1KHDWLQJZLWKWKHZDWHUSUHVVXUHLQ29(1
EHIRUHKHDWLQJ7KHSUHVVXUHLQWKH29(1EHIRUH29(1KHDWLQJFDQEHREWDLQHGZKHQ29(1LVDW§&EHIRUH
SUHVVXUHULVHLQWKHJUDSKVKRZQLQ)LJWKLVVKRXOGEHDWDSRLQWZKHQ/$9$PDQLIROGLVDOUHDG\DW&7KH
YDOXHIRUWKLVSUHVVXUHFDQEHREWDLQHGIURPWKH0D[)393FROXPQLQWKHGDWDVKHHW/$9$0DQLIROGK\GURJHQ
VXSSO\OLQHSUHVVXUHWUDQVGXFHU
 3UHVVXUHLQ29(1EHIRUH29(1KHDWLQJ329LQLWLDO SVLD
 :DWHU SUHVVXUH LQ 29(1 EHIRUH KHDWLQJ DVVXPLQJ VDWXUDWHG ZDWHU YDSRU LQ 29(1 :DWHU
VDWXUDWLRQWDEOH#&3VDW7#& SVLD
3LQHUW 329LQLWLDOࡳ3VDW7#&
  SVLD±SVLD
   SVLD
8VLQJ3LQHUWWKHQXPEHURILQHUWJDVPROHVZDVFDOFXODWHGXVLQJWKH,GHDO*DV/DZ
     QLQHUW  ௉౟౤౛౨౪൉௏ో౒ோ൉்ో౒ǡ౟౤౟౪౟౗ౢ
       ସǤଶଶ଻௣௦௜௔
భೌ೟೘
భరǤళ೛ೞ೔ೌ൉ଵ଻ହ௖௠య
଼ଶǤ଴ହ଻ଷ଺೎೘య൉ೌ೟೘಼൉೘೚೗ ൉ሺଶ଺ାଶ଻ଷǤଵହሻ௄

      PRO
1RWH7HPSHUDWXUHPXVWEHFRQYHUWHG WR.HOYLQV& .DQG3UHVVXUH VKRXOGEH LQDWP SVLD 
DWP

&0ROHVWUDQVIHUUHGWRWKH6XUJH7DQN
8VLQJWKH,GHDO*DV/DZ39 Q57WKHQXPEHURIPROHVWUDQVIHUUHGWRWKH67ZHUHFDOFXODWHGDIWHUHDFKWUDQVIHU
 &RQVWDQWV
  *DV&RQVWDQW5 ௖௠య൉௔௧௠௄൉௠௢௟ 
 $VVXPSWLRQV
  9ROXPHLQ6XUJH7DQN967 FP
 $YHUDJH7HPSHUDWXUHRIWKH0DQLIROG
  7HPSHUDWXUHRI67&767 .
7KHSUHVVXUHXVHGWRGHWHUPLQHWKHQXPEHURIPROHVWUDQVIHUUHGZDVFDOFXODWHGE\WDNLQJWKHSUHVVXUHRI67DIWHUWKH
WUDQVIHU VXEWUDFWHG E\ WKH SUHVVXUH LQ 67 EHIRUH WKH WUDQVIHU 7KH SUHVVXUH YDOXHV ZHUH REWDLQHG IURP WKH0D[
)3933767OLQH$SUHVVXUHWUDQVGXFHUDIWHU0D[)99,9/$767ODWFKLQJYDOYH3XOVH7LPH
7DONEDFNFORVHVLQGLFDWLRQDQGEHIRUH9/$7RSHQVLQGLFDWLRQUHVSHFWLYHO\
7KHIROORZLQJHTXDWLRQLVXVHGWRGHWHUPLQHWKHQXPEHURIPROHVWUDQVIHUUHGLQWRWKH67IRUHDFKWUDQVIHUZKHUHL 
WUDQVIHUQXPEHU
     QL 
ቀ௉೔ೌ೑೟೐ೝି௉೔್೐೑೚ೝ೐ቁೄ೅൉௏ೄ೅
ோ൉்ೄ೅ 
ᬚ&DOFXODWLQJWKHQXPEHURIPROHVLQ67DIWHUWKHILUVWWUDQVIHUSOHDVHUHIHUWR/29(1WHVWH[FHOVKHHWIRUFHOO
GDWDREWDLQHGIURP[*'6WRIROORZWKHSURFHGXUHVGRQH
3UHVVXUHLQ67EHIRUHWKHILUVWWUDQVIHUFHOO) ଵ್ܲ೐೑೚ೝ೐ SVLD
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
3UHVVXUHLQ67DIWHUWKHILUVWWUDQVIHU FHOO) ଵܲೌ೑೟೐ೝ SVLD
1RWH)RUWKHILUVWWUDQVIHU0D[)99,9/$7RSHQHGDWFHOO$:RIWKHGDWDVKHHWDQGFORVHGDWFHOO
$:7KLVRSHQLQJRIWKH67ODWFKLQJYDOYHLVZKHUHWKHSUHVVXUHVDUHEHLQJEDVHGIURPDQGFDQDOVREHVHHQ
RQWKHJUDSKELJVWHSZKHQWKHGDWDSRLQWLVUHIHUHQFHGWRWKHFHOORQWKHH[FHOVKHHWJUDSK,WFDQEHREVHUYHGWKDW
WKH YDOYHZDV RSHQHG IRU PLQXWH DQG  VHFRQGV  ±    V IRU WUDQVIHU WLPH WKLVPHWKRG LV QRW
FRQVLVWHQWZLWKDOOH[FHOVKHHWVWKRXJKWKHWLPHVWDPSFHOOVZDVXVHGWRFRPSXWHWKHDFWXDOWLPHMXVWUHO\LQJRQWKH
FHOOV LV QRWDSSURSULDWHEHFDXVH[*'6VNLSV UHFRUGLQJVRPH WLPHRUGDWD VRRQHFHOOGRHVQ¶W QHFHVVDULO\PHDQ
VHFRQG

Q 
ቀ௉భೌ೑೟೐ೝି௉భ್೐೑೚ೝ೐ቁೄ೅൉௏ೄ೅
ோ൉்ೄ೅  ĺ  Q 
ሺଵ଴Ǥ଻ହ଺ି଴Ǥସଽହሻ௣௦௜௔ భೌ೟೘భరǤళ೛ೞ೔ೌ൉ଵ଴଴௖௠య
଼ଶǤ଴ହ଻ଷ଺೎೘య൉ೌ೟೘಼൉೘೚೗ ൉ሺଵହଶାଶ଻ଷǤଵହሻ௄

       PRO

7KHRQO\SDUDPHWHUWKDWFKDQJHVDIWHUHDFKWUDQVIHULVWKHSUHVVXUHVLQFH LWGHSHQGVRQ WKHDPRXQWRIJDVVDPSOH
SUHVHQWOHIWLQWKH29(1ZKLOHUHWDLQLQJWKHVDPH67WHPSHUDWXUHRI&

ᬛ3HUIRUPLQJWKHVDPHSURFHGXUHIRUWKHVHFRQGWUDQVIHU
3UHVVXUHLQ67EHIRUHWKHVHFRQGWUDQVIHUFHOO) ଶ್ܲ೐೑೚ೝ೐ SVLD
3UHVVXUHLQ67DIWHUWKHVHFRQGWUDQVIHUFHOO) ଶܲೌ೑೟೐ೝ SVLD
1RWH)RUWKHVHFRQGWUDQVIHU0D[)99,9/$7RSHQHGDWFHOO$:DQGFORVHGDWFHOO$:
7KLVRSHQLQJRIWKH67ODWFKLQJYDOYHLVZKHUHWKHSUHVVXUHVDUHEHLQJEDVHGIURPDQGFDQDOVREHVHHQRQWKHJUDSK
VHFRQGELJVWHSORZHUSUHVVXUHWKDQWKHILUVWELJVWHSRIWKHILUVWWUDQVIHUZKHQWKHGDWDSRLQWLVUHIHUHQFHGWRWKH
FHOORQWKHH[FHOVKHHWJUDSK7KHSUHVVXUHVNHSWRQGHFUHDVLQJIURPWKHPRPHQWWKHILUVWWUDQVIHUZDVGRQHVLQFHWKH
VDPSOH LV QRW HYROYLQJ DQ\PRUH0HDQLQJ WKHUH LV QRPRUH ZDWHU EHFRPLQJ YDSRU WR DGGPRUH SUHVVXUH LQ WKH
29(1
Q 
ሺ଻Ǥ଻଴ହି଴Ǥ଻଴଺ሻ௣௦௜௔ భೌ೟೘భరǤళ೛ೞ೔ೌ൉ଵ଴଴௖௠య
଼ଶǤ଴ହ଻ଷ଺೎೘య൉ೌ೟೘಼൉೘೚೗ ൉ሺଵହଶାଶ଻ଷǤଵହሻ௄

    PRO

ཤ7KH7RWDO0ROHV7UDQVIHUUHG WR 67 IRU/29(17HVW  LV GHWHUPLQHG E\ IROORZLQJ WKH HTXDWLRQ EHORZ FHOO
0
  QQ PROPRO§PRO

'0ROHV/HIWLQ29(1
7KLV LVREWDLQHGEDVHGIURPWKH3UHVVXUH/HIW LQ29(1,GHDOO\ WKH3UHVVXUH LQ WKH67DIWHU WKH ODVW WUDQVIHU
DIWHUFORVLQJWKHYDOYHIRUWKHODVWWUDQVIHUEHIRUHDQ\*&06DQDO\VLVWDNHVSODFHVKRXOGEHHTXDORUZLWKLQSVLD
RIWKHSUHVVXUHOHIWLQ29(1
7KHSUHVVXUHWUDQVGXFHURI29(137IRUWKLVSDUWLFXODU/29(1WHVWZDVQ¶WFDOLEUDWHGZHOOWKHUHIRUHLW
ZDVGHWHUPLQHGWKDW WKH67SUHVVXUHWUDQVGXFHU37ZDVPRUHDFFXUDWH:KHQ9/$7LVRSHQHG29(1
DQG 67 SUHVVXUHV FRPH WRJHWKHU DQG HTXLOLEUDWH 29(1 SUHVVXUH GURSV DQG 67 SUHVVXUH ULVHV EHFDXVH WKH OLQH
EHWZHHQWKHPLVRSHQHGWRDOORZWUDQVIHUVWRSDUWDNH29(1ĺ677KHUHIRUHWKHSUHVVXUHOHIWLQWKH29(1LV
REVHUYHGWREH
3UHVVXUH/HIWLQ29(1DVVXPHV37 37329UHPQDQW SVLD
7RREWDLQWKHWHPSHUDWXUHRI29(1WKHKHOLXPEODQNWHVWSHUIRUPHGDWWKHHQGRIWKH/29(1WHVWZDVXVHG
D 7KHRSHQHG9/$7DWWKHKHOLXPEODQNWHVWZDVWDNHQLQWRDFFRXQW7KLVFDQEHVHHQRQ0D[
)99, FROXPQ 06,' ODEHO IRU 6XUJH 7DQN ODWFKLQJ YDOYH  3XOVH 7LPH 7DONEDFN 
LQGLFDWLRQ9/$7RSHQLQJRQFHOO$:7KLVVKRXOGFRUUHVSRQGDURXQGWKHVDPHWLPH
RIWKHSUHVVXUHSHDNKLJKHVWSUHVVXUHYDOXHRIWKHUHGSORW67RQWKHJUDSKODEHOHGRQ)LJ
E 7KHDYHUDJHSUHVVXUHLQWKH670D[)393FROXPQ3767OLQH$SUHVVXUHWUDQVGXFHU
ZDVREWDLQHGEHIRUH9/$7ZDVRSHQHG7KLVFDQEHVHHQFRPSXWHGRQFHOO+ZLWKWKH
YDOXHRISVLD
F 0ROHVLQWKH67LVFRPSXWHGDWWKHDYHUDJHSUHVVXUH
ZKHUH9ROXPHLQ67967 FP
   7HPSHUDWXUHRI67&767 .
1$6$1,)6±,QWHUQVKLS)LQDO5HSRUW
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
$YHUDJHSUHVVXUHEHIRUHRSHQLQJ9/$7LQWKHKHOLXPEODQNWHVWREWDLQHGDW
E367+HDYJSVLD
Q67+H ௉ೄ೅ಹ೐ǡೌೡ೒൉௏ೄ೅ோ൉்ೄ೅ 
        ଶଽǤଵ଼ସଷଵଶ௣௦௜௔
భೌ೟೘
భరǤళ೛ೞ೔ೌ൉ଵ଴଴௖௠య
଼ଶǤ଴ହ଻ଷ଺೎೘య൉ೌ೟೘಼൉೘೚೗ ൉ሺଵହଵାଶ଻ସǤଵହሻ௄

       PRO
G 7HPSHUDWXUHFDQQRZEHGHWHUPLQHGXVLQJ367EHIRUH9DF96729(1 Q67+H5729
729 ௉ೄ೅ǡ್೐೑೚ೝ೐ೇೌ೎൉௏ೄ೅శೀೇಶಿ௡ೄ೅ǡಹ೐൉ோ 
7KH3UHVVXUHLVWKHDYHUDJHVWDEOHSUHVVXUHRI67IRUWKHKHOLXPEODQNWHVWEHIRUHFRPSOHWHO\RSHQLQJWKHYDOYHWR
YDFXXPDWWKHYHU\HQGRIWKHWHVWORFDWHGRQFHOO+367EHIRUH9DF SVLD
WKHUHIRUH   729 
ଵ଴Ǥ଼଺ଷହଶ଼଻ଶ௣௦௜௔ భೌ೟೘భరǤళ೛ೞ೔ೌ൉ሺଵ଴଴ାଵ଻ହሻ௖௠య
଴Ǥ଴଴ହ଺ଽ୫୭୪൉଼ଶǤ଴ହ଻ଷ଺೎೘య൉ೌ೟೘಼൉೘೚೗

  7HPSHUDWXUHRI29(1GXULQJWUDQVIHUV729 .
   ௉భ௏భ்  
௉మ௏మ
் ZDVXVHGZKHUH9LVWKHWRWDOYROXPHIRUERWK29(167

2QH RI WKH LVVXHV ZHUH KDYH LV WKDW WKH 29(1 WHPSHUDWXUH LV DFWXDOO\ D FRPSRVLWH RI D YDULHW\ RI KHDWHU
WHPSHUDWXUHV:HZRXOGOLNH WRNQRZWKHHIIHFWLYHWHPSHUDWXUHRIWKH29(1LQRWKHUZRUGVWKHWHPSHUDWXUHWKDW
WKH29(1DSSHDUVWRKDYHEDVHGRQLWVYROXPHDQGSUHVVXUH

8VLQJWKHUHPDLQLQJSUHVVXUHWKHFDOFXODWHG29(1WHPSHUDWXUHDQGWKH,GHDO*DV/DZ39 Q57WKH0ROHV/HIW
LQ29(1DUHFDOFXODWHG
Q29UHPQDQW ௉ೀೇǡೝ೐೘೙ೌ೙೟൉௏ೀೇோ൉்ೀೇ 

        ଻Ǥ଴଻ହ௣௦௜௔
భೌ೟೘
భరǤళ೛ೞ೔ೌ൉ଵ଻ହ௖௠య
଼ଶǤ଴ହ଻ଷ଺೎೘య൉ೌ೟೘಼൉೘೚೗ ൉ସଷହǤଶ଴଻ସ଺ଷସ௄

       PRO

(7RWDO0ROHV0HDVXUHGLQ29(167
7KLVLVVLPSO\WKHVXPPDWLRQRIWKHPROHVFRPSXWHGLQSDUW&DQG'RIWKHDQDO\VLV
 7RWDO0ROHV7UDQVIHUUHGWR67SDUW& PRO
 0ROHV/HIWLQ29(1SDUW'  PRO
      PRO

)7RWDO0ROHV0HDVXUHGLQ29(167PLQXVLQHUWJDVPROHV
7KLVLVVLPSO\WKHVXEWUDFWLRQRISDUW%IURPSDUW(RIWKHDQDO\VLV
 7RWDO0ROHV0HDVXUHGLQ29(167SDUW(  PRO
± 0ROHVRI,QHUW*DVLQ29(1EHIRUH7UDQVIHUSDUW% PRO
        PRO

7KHPROHVRIJDVDUHFRQYHUWHGWRJUDPVIRUFRPSDULVRQZLWKWKHPDVVRIWKHZHLJKWHGVDPSOH
0ROHFXODUZHLJKWRI:DWHU ௚௠௢௟
0ROHV0HDVXUHGLQ29(167PLQXVLQHUWJDVPROHV3DUW)ZDWHUYDSRURQO\PRO 
WKHUHIRUH0DVVRI:DWHULQ29(1PRO· ௚௠௢௟ J
6R WDNLQJ WKH RULJLQDO PDVV RI WKH ZHLJKHG VDPSOH DQG FRPSDULQJ LW WR WKLV QXPEHU ZH FDOFXODWH WKH PDVV
GLIIHUHQFHEHWZHHQWKHDFWXDOPDVVDQGWKHDQDO\]HGPDVVREWDLQHGIURPWKHGDWDJHQHUDWHGE\WKHLQVWUXPHQWV
0DVVRI:DWHULQ29(1ZHLJKHGJ
0DVVRI:DWHULQ29(1LQVWUXPHQWDQDO\]HGJ
0DVV'LIIHUHQFH଴Ǥ଴଺ସ଴ି଴Ǥ଴଺ସଽ଴Ǥ଴଺ସଽ · 
$QGLIWKH([SHFWHG/RVVGXULQJWUDQVIHUZDVDOVRDFFRXQWHGIRUWKLVPDVVGLIIHUHQFHWKHGLIIHUHQFHZRXOGHYHQJR
GRZQIXUWKHUWR
([SHFWHG:DWHU/RVVIURPWUDQVIHULQWR29(1J
1$6$1,)6±,QWHUQVKLS)LQDO5HSRUW
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
0DVV'LIIHUHQFHZLWK([SHFWHGZDWHUORVVDFFRXQWHGIRU଴Ǥ଴଺ସ଴ା଴Ǥ଴଴ଵି଴Ǥ଴଺ସଽ଴Ǥ଴଺ସଽ · 
7KLVGHPRQVWUDWHVDPDVVGLIIHUHQFHRIDOPRVW]HUR2IFRXUVHWKHUHZRXOGEHDGLVFUHSDQF\LQWHUPVRIURXQGLQJ
RIIDQGRWKHUFDXVHIRUORVVOLNHVDPSOHVWLFNLQJRQWKHOLQHVGXULQJWUDQVIHUDQGVXFK%XWWKLVDQDO\VLVSURYHGWREH
HIIHFWLYHDQGWKHLQVWUXPHQWVZRUNLQJWKHZD\WKH\¶UHVXSSRVHGWR7UDGHVWXGLHVIRUWKHPDWHULDOVQHHGHGIRUPRUH
IOLJKWIRUZDUGLQVWUXPHQWVDUHVWLOORQJRLQJ

$GLIIHUHQFHLQWZRRIWKH/29(1WHVWVSHUIRUPHGZRXOGEHWKH29(1YROXPH/29(1WHVWVDQGFRQWDLQD
VROLGVDPSOHLQWKHP2WKHUZLVHWKHRWKHUSURFHGXUHVZHUHDOVRIROORZHGDQGDSSOLHGWRWKHDOO/29(1WHVWV7KH
9ROXPHLQ29(1LVGLIIHUHQWEHFDXVH WKHUH LVDVLPXODQWSUHVHQW LQ WKHFUXFLEOH UHJROLWKVDPSOH-6&$ZKLFK
WDNHVXSVSDFHWKHUHIRUHWKHKHDGVSDFHYROXPHZLOODOVREHGLIIHUHQWOHVVWKDQWKHXVXDODVVXPSWLRQRI929 
FP7RREWDLQWKH9ROXPHLQ29(1WKH9ROXPHRI-6&$ZLWKJUDPVZDVWDNHQLQWRDFFRXQW7KHGHQVLW\
IRU-6&$ZDVIRXQGRXWWREH ௚௖௠య6RFRQYHUWLQJWKLVWRYROXPHLQRUGHUWRVXEWUDFWLWIURPWKHYROXPHRIDQ
HPSW\FUXFLEOHZRXOGJLYH
 9-6&$J  ଶ଴௚ଵǤ଻ ೒೎೘య
 FP§FP
 WKHQ
  9ROXPHLQ29(1 929HPSW\ FP
– 9-6&$JFP
929 FP
  WKHUHIRUH
  9ROXPHLQ29(1ZLWKUHJROLWK929 FP

7KHRWKHU/29(1WHVWVDOVRJDYHDYHU\VPDOOSHUFHQWDJHRIPDVVGLIIHUHQFH$QRWKHUWHVWWKH1,567DQDO\VLVZDV
FRPSDUHGWRWKLVSUHVVXUHDQDO\VLVZKLFKDOVRJDYHDVPDOOHUURUSHUFHQWDJHZLWKWKLVDQDO\VLV7KLVVKRZVWKDWWKH
FRQFHSWRI ,GHDO*DV/DZSURYHG WREHHIIHFWLYH IRU WKHDQDO\VLVDQG WKH LQVWUXPHQWVDUH UHDG\ IRUDPRUH IOLJKW
IRUZDUGGHVLJQ

,9&RQFOXVLRQV

7KLVLQWHUQVKLSWUXO\H[SDQGHGP\NQRZOHGJHDQGVNLOOVLQWKHZRUOGRI6SDFH6FLHQFHZLWKDERQXVRIH[SHULHQFLQJ
WKHEUHDWKWDNLQJODXQFKLQJRIVSDFHFUDIWV1$6$KDVJLYHQPHDQRSSRUWXQLW\WRZRUNZLWKDUHPDUNDEOHWHDPRI
LQGLYLGXDOVZKRVXSSRUWHGPH LQHYHU\VWHSRI WKHZD\ , DPYHU\KRQRUHG WRZRUN IRU WKH5(62/9( WHDPDQG
KRSHIRUWKHSURMHFW¶VVXFFHVV,PDJLQHLIZHFRXOGKDUQHVVDOOWKHUHVRXUFHVRQWKHPRRQDQGSURYHWKDWLWFRXOGEH
HIIHFWLYHO\XVHGIRUVSDFHKXPDQH[SORUDWLRQV\VWHPV LWZRXOGPLQLPL]H WKHPDWHULDOVFDUULHGIURP(DUWK LWZLOO
SURYLGHOLIHVXSSRUWSURSHOODQWVFRQVWUXFWLRQPDWHULDOVDQGVXSSO\HQHUJ\WRWKHSD\ORDGRUFUHZ$OWKRXJKZHDUH
QRZOLYLQJLQDZRUOGRIGHYHORSLQJWHFKQRORJ\GHPRJUDSKLFFKDQJHVDQGWUDQVLWLRQRIPDQ\JRYHUQPHQWSROLFLHV
ZHVKRXOGQRWEHDIIHFWHGE\WKHVHVWUHVVRUV,QVWHDGOHWXVXQLWHDQGEHJLQDSRVLWLYHFKDQJHWRZDUGVDSURGXFWLYH
FRXQWU\ ± WR EULQJ EDFN8QLWHG 6WDWHV RI $PHULFD LQ WKH OLPHOLJKW RI DGYDQFH WHFKQRORJ\ WKURXJK UHVHDUFK DQG
GHYHORSPHQWDQGPDNHWKH(DUWKDEHWWHUSODFHWROLYH

9$FNQRZOHGJHPHQWV

,WKDVWUXO\EHHQDSULYLOHJHWRZRUNXQGHUWKH(QJLQHHULQJDQG7HFKQRORJ\'LUHFWRUDWH0DWHULDOV6FLHQFH'LYLVLRQ
DWWKH$SSOLHG3K\VLFV%UDQFKRQWKH1HLO$UPVWURQJ2SHUDWLRQVDQG&KHFNRXWIDFLOLW\XQGHUWKHJXLGDQFHRIP\
PHQWRUV'U0DU\&RDQ.DWKHULQH&U\GHUPDQDQG6WDQOH\6WDUU ,ZRXOGDOVR OLNH WRDFNQRZOHGJH WKH WLPHDQG
SDWLHQFHRIDOOWKHLQGLYLGXDOVZLWKLQ5(62/9(ZKRJXLGHGPHDQGDPWUXO\JUDWHIXO,WKDQNWKH1$6$OHDGHUVKLS
DQGRUJDQL]LQJERG\IRUWKHLUJHQHURVLW\VXSSRUWDQGUHOHQWOHVVHIIRUWWRWHDFKWUDLQDQGPROGDQHZJHQHUDWLRQRI
ZRUNIRUFHWKDWZLOOFRQWLQXHWKHOHJDF\DQGYLVLRQRIWKHIRXQGHUV,EHOLHYHWKLVLQWHUQVKLSKHOSHGPHJURZDQGZLOO
DOVRKHOSWKHLQFRPLQJLQWHUQV$QG,EHOLHYHWKDWRXUPHQWRUVZLOOPROGXVLQWRWKHEHVWIXWXUHOHDGHUVLQSDUWQHU
ZLWK1$6$WRFUHDWHGHHSFRPPLWPHQWVWKDWZLOOXQLWHRXUGLYHUVHVRFLHW\LQ LPSURYLQJWKHWHFKQRORJ\RIVSDFH
FUDIWV WKURXJK ERXQGOHVV UHVHDUFK DQG VWXG\ ± WR SURPRWH ZRUOG SHDFH LQ EURWKHUKRRG RI GHYHORSLQJ QRW OLIH
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